The design and optimization of executive compensation structure to reduce the risktaking of banks is one of the core topics of corporate governance theory. Especially after the 2008 global financial crisis, due to the characteristics of banks, such as systemic risk, this issue has become more important. However, though widely concerned, the determinants and design principles of compensation are not thoroughly understood. Based on our previous work, the setup of a banker's long-term total compensation model, we continue our research by setting up a theoretical model between total compensation, bank default risk, and the structure coefficient by simulating the result using data from Wells Fargo and Co. to draw the function image. We are the first to find out the determinants of structure, that is, the working time, current age, and tenure. What is more important is that we find that increasing the weight inside debt in the total compensation is not only helpful for the reduction of the bank's default risk, but also an increase of the banker's total compensation. We also illustrate the influence of a number of periods. We expect our findings to offer help regarding the formulation of policies for pay contracts. Keywords: structure coefficient; long-term incentive model; bank default risk; determinants; total compensation; cash salary; inside debt; inside equity 4 of 27 Many researchers have studied structure design in various aspects. Agnieszka and Anna (2019) [2] concluded that the model of a credit cooperative movement, such as the one adopted in Poland, requires the implementation of a couple of basic changes. Tang (2016) [3] shows that option-like pay is more likely to maintain incentive effects. Shan and Walter (2016) [4] offer the fundamental building blocks for designing executive remuneration systems in public firms. Kline et al. (2017) [5] have found an inverse relationship between stock ownership and risk-adjusted performance. Fried (2011) [6] also puts forward a mechanism that ties executive pay to aggregate shareholder value. Dutcher (2018) [7] and Conyon (2006) [8] have shown that boards and compensation committees have become more independent over time. Canyon (2009) [9] has found out that the amount of inside equity is greater in firms that use consultants. Burak (2018) [10] suggests that those who are discontent with extremely high pay may be reconciled with support for pay for performance. Bebchuk et al. (2002) [11] highlight the significance of the design of executive compensation generally. Banghoj et al. (2010) [12] have examined what determines executive compensation in privately held firms.
Introduction
In 1976, Jensen and Meckling [1] first published their article about executive compensation. Since then, elucidating how to design the pay contract and optimize the structure of banker's compensation is becoming more and more prevalent in corporate governance theory. Particularly, since the occurrence of the 2007-2009 financial depression, the relation between compensation and bank risktaking due to the systematic risk of a bank is increasingly significant. However, though widely focused, the determinants and design principles of pay contracts are not thoroughly understood. Figure 1 summarizes the schematic diagram of the research framework of our study. We define the total compensation as the sum of cash salary, inside equity, and inside debt. At the same time, the structure coefficient in our paper stands for the weight of inside debt in total compensation, where "inside equity" is the equity-based compensation paid in the form of restricted stock, stock options, and other instruments, of which the value lies in the equity returns in the future. Per Jensen and The remainder of this paper is organized as follows. We create a model of structure coefficient with respect to bank default risk, basing our model on the long-term total compensation presented in Section 2. We characterize the function of structure function and bank default risk and then we analyze the determinants and other natures of functions and related indicators, such as the total compensation vega, , the sensitivity of total compensation, and the number of periods, , in Section 3 (also shown in Figure 1 ). Then, we draw a fitting graph using the Wells Fargo and Co. data in Section 4. The last section concludes the paper.
Materials and Methods
Firstly, Table 1 summarizes the notations and definitions in our model.
Model Assumptions
To develop the banker's compensation model, we assumed the following: Assumptions 1-7 are the corresponding assumptions of (a)-(g) of Black and Scholes (1973) [28] . Assumption 8 is the total compensation, , during the executives' tenure, which consists of three parts, namely, cash salary, , inside equity, , and inside debt, :
Assumption 9: Executives of banks die at exactly the age of 120 years. Assumption 10: The inside equity frequency is the same as that of the inside debt. Assumption 11: The interval at which each executive receives their inside equity is the same. Assumption 12: Liquidation is costless and absolute priority holds. Assumption 13: The banker's compensation is so small relative to the net assets that its effect on the net asset dynamics can be ignored.
Assumption 14 is that the bank is operating normally, and that no bankruptcy occurs during the banker's tenure.
The Long-Term Incentive Model of Banks
In our previous work, a long-term incentive model for compensation has been established. We will first briefly list the formulae used in this article and further explore the nature of the compensation structure based on this. See Ma et al. for further information in this regard (2020) [27] .
Call Option and Total Compensation Value
If ∆, is the current value of a call option on the bank with strike price , then we obtain the following:
where = is the standard cumulative normal distribution and = √ − is the standard normal density:
Thus, (∆, ) is ∆-maturity European call option on Note: When in the notation ( ) equals 0, it (0) stands for the initial bank equity, i.e., the bank's net asset value, BS call option price of (∆, ) is basing on Black and Scholes (1973) [28] .
The value of total compensation with payout periods on [ − , ] is as follows: ) , = − + = , ( , 1) is the call option price from Equation (15), is the fraction of profits paid out as compensation, and (0) is the initial net asset value.
The Vega and Sensitivity of Total Compensation
We denote and as the vega and sensitivity of total compensation, respectively. From Corollaries 2 and 3 and Proposition 1 (outlined further below), we also have the following:
The Structure Coefficient of Pay Contract
The structure coefficient of pay contract satisfies
where is the structure coefficient of the pay contract and represents the proportion of inside debt to total compensation using Equation (1) the formula below:
where is a multiplier index that is most likely to range from 0.015 to 0.020, and is the number of working years as a banker.
is the minimum age when the banker can choose to retire. is the current age of the executive, which is a benchmark for use of the survival function [29] to estimate ( ). ( ) illustrates the probability of how many years the CEO will live in the future. is the bank's long-term debt cost, and is the last year of the pension, that is, the final year in their tenure. Since the Social Security Mortality statistical table only shows the mortality rate of people under the age of 120, based on Assumption 9, = 120 and (120 − ) = 0.
Compensation Structure
As is shown in Equation (9), the most difficult part to be calculated is ( ),that is, the probability of how many years the CEO will live in the future. In this section, we will derivate the specific expression of ( ) and the corresponding formula for the structure coefficient .
Derivation of ( ) Using Survival Function
Lemma 1. The probability of how many years the CEO will live in the future ( ) satisfies the following formula:
where ( ) is the survival function with respect to :
( ) is the survival probability in the period life table [30] .
For instance, = 49 , ( ) = ∏ ( ) , = 77 − = 77 − 49 = 28 ,(28) = ∏ ( ) = ( ) × ( ) × … × ( ) here = + .
Proof: Table 2 
On the basis of Equation (37) and = + , Lemma 1 is established.
The Expression of Compensation Structure
Proposition 1. The coefficient of compensation structure satisfies the following formula: Proof: According to Equation (9) and Lemma 1,
If < , Note that the number of items in the polynomial 
The values of (11) to (71) are shaded light blue in Table 2 . Similarly, we can calculate the value of ( ) using this kind of table once the value of and are given.
Results

Total Compensation and the Structure Coefficient
Proof: On the basis of Equation (5), we have
On the basis of Corollary 1, the value of total compensation ( ) is positively associated with the structure coefficient ( ), where is the structure coefficient of the pay contract and represents the proportion of inside debt to total compensation, which is similar to what was found by Freund et al. (2018) [31] , who found positive relationships between CEO inside debt holdings and the firm's likelihood to issue debt.
Total Compensation Vega and the Structure Coefficient
Proof: On the basis of Equation (6), we have
On the basis of Corollary 2, the value of the risk-taking incentive ( ) is positively associated with the structure coefficient ( ). This finding is consistent with that of Hagendorff and Vallascas (2011) [32] , who found that high-vega banks pursue acquisitions that result in increasing default risk. 
Sensitivity of Total Compensation and the Number of Periods
Proof: Based on Equation (7), we obtain
On the basis of Corollary 3, the value of the sensitivity of total compensation ( ) is positively associated with the structure coefficient ( ), which shows that the sensitivity of total compensation arrives at its maximum with an increase of the structure coefficient.
Optimal Value of the Structure Coefficient with Respect to the Default Risk
Corollary 4. The structure coefficient decreases in , that is,
Proof: Set = + + as fixed value , according to Equation (5):
Thus, we have
On the basis of Corollary 4, the default risk ( ) is negatively associated with the structure coefficient ( ), where is the structure coefficient of the pay contract and represents the proportion of inside debt to total compensation. As a consequence, to accomplish the objective of minimizing the bank's default risk, we should increase the value of , that is, increase the weight of inside debt in the total compensation. This finding is consistent with that reported by the IMF (International Monetary Fund, 2014), who concluded that inside debt may reduce bank risk-taking [33] .
Optimal Value of the Structure Coefficient with Respect to the Number of Periods
Corollary 5. The structure coefficient decreases in , that is,
Proof: Set = + + as fixed value , where, according to Equation (30), we have
On the basis of Corollary 5, the number of periods ( ) is negatively associated with the structure coefficient ( ). This finding is consistent with that reported by Gopalan et al. (2012) (see prediction 2), who concluded that the shorter the pay duration of a firm, the more volatile the cash flow [34] .
The Determinants of The Structure Coefficient
Basing on Equation (9) and Proposition 1, there is a total of three determinants of the structure coefficient ( ). These are the working time ( ), the current age ( ), and the length of the banker's tenure ( ).
3.6.1. Working Time and the Corresponding Structure Coefficient Corollary 6. The structure coefficient rises in , that is, > On the basis of Corollary 6, an executive who works longer will have a higher proportion of debt-based compensation.
This demonstrates that bankers with shorter tenure have a stronger incentive to take more risks for more return. This finding is consistent with that reported by Sundaram 
Based on the concept of the survival function, (66 − ) =(66 − ), (66 − ) >(119 − ), 
Overall, we have > when < 60 and < when > 60. As a consequence, = 60, reaches its maximum value. On the basis of Corollary 7, when executives are less than 60 years old, the proportion of debtbased compensation gets larger with age, and the situation is reversed after 60. This is a very interesting result and we believe it will shed light on the incentives of the choice of retirement age. This finding is consistent with that reported by Sundaram and Yermack (2007) [35] and Laeven and Levine (2009) [36] , who concluded that age influences pay design. On the basis of Corollary 8, an executive who works longer will have a higher proportion of debt-based compensation. Thus, the tenure of the executive is negatively associated with a higher proportion of debt-based compensation. This finding is consistent with that reported by Jokivuolle et al. (2019) , who concluded that the shorter the pay duration of a banker, the more volatile the bank's earning [37] .
Discussion
A Case Study: John G. Stumpf of Wells Fargo and Co.
Data
For calibrating the parameters of the cost functions introduced in Section 3, we used CEO compensation data and U.S. bank accounting data from the ExecuComp and BvD Orbis databases. Table 3 lists the annual compensation and other financial data for perhaps one of the most famous CEOs in American banking business, John G. Stumpf of Wells Fargo and Co. The variables of the first six columns in Table 3 The inside debt frequency used was = 9, = = 1.036.
The fraction of equity paid as inside equity is as follows: = ( 2015) × ( , 1) × (0) = 34870.673 9 × (1.036,1) × 171567000000 ≈ 0.000000295
Stumpf's compensation structure is not exceptional. We investigated CEO pensions in the banking industry and found that the above patterns are generally present in the data. The rest of this section elaborates upon this finding.
Function Image and the Fitting Line of Call Option with Respect to the Default Risk
According to Equation (5) , the relationship between the total compensation and the default risk is indirectly due to the presence of the call option function. To solve this problem, as is shown in Figure 2 , we first drew the fitting map of the function image of call option with respect to the default risk, then, to get the specific function of the fitting line, we used the MATLAB software (Harbin Institute of Technology, Harbin, China).
The result is shown in Equation (53):
The statistic calculated by MATLAB is as follows: Goodness of fit: The sum of squares due to error ( ) was 1.549 − 31; the coefficient of determination ( − ) was 1; the degree-offreedom adjusted coefficient of determination ( − ) was 1; and the root mean square error ( ) was 9.278 − 17. As a consequence, Equation (53) is a very good fit for Equation (2), especially when > 0.05, as is shown in Figure 2 . (2), and the green one is the line in Equation (53), which was calculated by MATLAB.
On the basis of Equations (5) and (53), we also have the following: 
In general, to be similar with Equations (53), (54), (55), and (56), we have the following:
where is the fit slope and is the fit intercept calculated by MATLAB. Equations (58), (59), and (60) are the fitting linear model of long-term compensation. Figure 6 verify the conclusion in Section 3. Since the function in the long-term total compensation model contains an option function and the option function is a multivariate implicit function, it is impossible to directly write the expression between the risk and the option price, but it can be drawn using the specific point method and MATLAB software (Harbin Institute of Technology, Harbin, China) to obtain the fitting map related to . From the fitting map, we obtained other information not directly determined from the equations.
Simulation Analysis
Significance of Fitting Maps
Overall, the data in Figure 3 Figure 3a illustrates the total compensation value ( ) and the corresponding default risk ( ) with respect to the structure coefficient ( ), based on Corollary 4, Equation (58), and Equation (59) for Wells Fargo and Co. The image of the total compensation with respect to the structure coefficient was obtained by fitting the value to the corresponding value when was fixed by Equation (58) (see Figure 3a , orange-red solid line), and the image of the default risk of total compensation with respect to the structure coefficient was directly drawn when was fixed by Equation (59) (see Figure 3a , blue dotted line). Figure 3b illustrates the total compensation value ( ) and the corresponding default risk ( ) with respect to the structure coefficient ( ), based on Corollary 4 and Equation (58) for the example bank. Similar to Figure 6a , the image of the total compensation was obtained by fitting the value to the corresponding value and value from Equation (58). The colored bar in the right side of Figure 3b demonstrates the value of total compensation( ).
Analysis of Simulation Result
As is shown in Figure 3a , when holding the total compensation unchanged, the structure coefficient is negatively associated with the default risk. As a consequence, to accomplish the object of minimizing the bank's default risk, we should increase the value of , that is, increase the weight of inside debt in the total compensation. Similarly, when holding the default risk unchanged, the structure coefficient is positively associated with the total compensation. As a consequence, to accomplish the object of maximize the banker's total compensation, we should increase the value of , that is, increase the weight of inside debt in the total compensation. In a word, increasing the weight of inside debt in the total compensation is not only helpful for the reduction of the bank's default risk, but also the increase of the banker's total compensation. Figure 3b shows that the total compensation arrives at its maximum when increasing the structure coefficient and the default risk at the same time, and it arrives at its minimum when decreasing both of them. So, the increasing of total compensation in the post time is at price of the bank's stability. As a result, the total compensation should be controlled properly to not stimulate the over-risking incentive of bankers. Figure 4a depicts the function image of the risk-taking incentive ( ) and the corresponding sensitivity of total compensation ( ) with respect to the structure coefficient ( ), based on Corollary 2, Corollary 3, Equation (6), and Equation (7) for Wells Fargo and Co. As shown in the figure, the image of with respect to the structure coefficient ( ) was directly drawn when the default risk ( ) was fixed using Equation (6) (blue dotted line), and the image of with respect to the structure coefficient ( ) was obtained when the default risk ( ) was fixed using Equation (7) (solid red line). Figure 4b presents the three-dimensional image of the default risk ( ) and the corresponding number of periods ( ) with respect to the structure coefficient ( ), based on Corollary 4, Corollary 5, and Equation (60) for Wells Fargo and Co. Similar to Figure 4a , the image of the default risk was obtained by fitting the value to the corresponding value and value obtained by Equation (60). The colored bar in the right side of Figure 4b demonstrates the value of the default risk ( ).
As is shown in Figure 4a , when holding the default risk unchanged, the structure coefficient is positively associated with the risk-taking incentive. Similarly, when holding the default risk unchanged, the structure coefficient is positively associated with the sensitivity of total compensation. As a consequence, the structure coefficient exerts a positive impact on the risk-taking incentive and the sensitivity of total compensation when holding the default risk unchanged. Figure 4b shows that the default risk arrives at its maximum when decreasing the structure coefficient and increasing the number of periods at the same time. As a result, decreasing the weight inside debt in the total compensation or increasing the number of periods is harmful for the reduction of the bank's default risk. Figure 5a depicts the three-dimensional image of the risk-taking incentive ( ) and the corresponding structure coefficient ( ) with respect to the number of periods ( ) , based on Corollary 2, Corollary 5, and Equation (6) for Wells Fargo and Co. The image of the risk-taking incentive ( ) was obtained by fitting the value to the corresponding value and value when was fixed by Equation (6). The colored bar in the right side of Figure 5 (a) demonstrates the value of the risk-taking incentive ( ).
(a) (b) Figure 5b presents the three-dimensional image of the sensitivity of total compensation ( ) and the corresponding the corresponding structure coefficient ( ) with respect to the number of periods ( ), based on Corollary 3, Corollary 5, and Equation (7) for Wells Fargo and Co. Similar to Figure 5a , the image of the sensitivity of total compensation ( ) was obtained by fitting the value to the corresponding value and value when was fixed by Equation (7) . The colored bar in the right side of Figure 5b demonstrates the value of the sensitivity of total compensation ( ).
As shown in Figure 5a , the risk-taking incentive of total compensation arrives at its maximum when increasing the structure coefficient and the number of periods at the same time, and it arrives at its minimum when decreasing both of them. As a result, the risk-taking incentives of total compensation produce a positive impact on the structure coefficient and the number of periods when holding the default risk unchanged. Figure 5b shows that the sensitivity of total compensation arrives at its maximum when increasing the structure coefficient and the number of periods at the same time, and it arrives at its minimum when decreasing both of them. As a result, the sensitivity of total compensation has a positive impact on the structure coefficient and the number of periods when holding the default risk as unchanged. Figure 6a shows the three-dimensional image of the risk-taking incentive ( ) and the corresponding default risk ( ) with respect to the structure coefficient ( ), based on Corollary 2, Corollary 4, and Equation (6) for Wells Fargo and Co. The image of the risk-taking incentive ( ) was obtained by fitting the value to the corresponding value and value when was fixed by Equation (6) . The colored bar in the right side of Figure 6a demonstrates the value of the risk-taking incentive ( ).
(a) (b) Figure 6b presents the three-dimensional image of the sensitivity of total compensation ( ) and the corresponding structure coefficient ( ) with respect to the number of periods ( ), based on Corollary 3, Corollary 5, and Equation (7) for Wells Fargo and Co. Similar to Figure 6a , the image of the sensitivity of total compensation ( ) was obtained by fitting the value to the corresponding value and value when was fixed by Equation (7) . The colored bar in the right side of Figure 6b demonstrates the value of the sensitivity of total compensation ( ). Figure 6a shows that the risk-taking incentives of total compensation arrives at its maximum when increasing the structure coefficient and the default risk at the same time, and it arrives at its minimum when decreasing both of them. As a result, the risk-taking incentive of total compensation has a positive influence on the structure coefficient and default risk when holding the number of periods as unchanged.
A conclusion we drew from Figure 6b is that as the sensitivity of total compensation increases, the change of the default risk ( ) has a wavy style (positively, negatively, and positively associated) and the number of periods has a linear style (positively related) on the sensitivity of total compensation. To sum up, the sensitivity of total compensation arrives its maximum when increasing the structure coefficient and the default risk at the same time or when increasing the structure coefficient and decreasing the default risk at the same time.
To summarize: a) Increasing the weight of inside debt in the total compensation is not only helpful for the reduction of the bank's default risk, but also the increase of the banker's total compensation; b) the total compensation should be controlled properly to not stimulate the overrisking incentive of bankers; c) the structure coefficient exerts a positive impact on the risk-taking incentive and the sensitivity of total compensation when holding the default risk as unchanged; d) decreasing the weight of inside debt in the total compensation or increasing the number of periods is harmful for the reduction of bank default risk; e) the risk-taking incentives of total compensation produce a positive impact on the structure coefficient and the number of periods when holding the default risk unchanged; f) the sensitivity of the total compensation yield produces a positive impact on the structure coefficient and the number of periods when holding the default risk as unchanged; g) the risk-taking incentive of total compensation has a positive influence on the structure coefficient and the default risk when holding the number of periods fixed; h) the sensitivity of total compensation arrives at its maximum when increasing the structure coefficient and the default risk at the same time or when increasing the structure coefficient and decreasing the default risk at the same time.
Robustness
We used the data for Richard M. Adams Sr. of United Bankshares to perform the robustness test. He has been the chairman and CEO of United Bankshares since 1 January, 1984. His salary in 2006 was 641,667 USD. The results showed that our conclusion is robust and effective. The structure coefficient is negatively associated with the default risk when holding the total compensation unchanged, which is the same as the other conclusions. For instance, = = 1: ( , 1) = 0.3621 + 0.03771 (61)
Conclusions
In this study, we modeled a structure coefficient with respect to bank default risk, basing our findings on our previous work (Ma et al., 2020 [23] ) regarding a banker's long-term compensation, which has a linear relationship with a series of sequential call options on the bank's return on equity, as determined by a practical calculation ( please see the summary of conclusions in this paper in Table  A1 , Appendix A). We demonstrated the relationship of the structure coefficient of total compensation with the bank's default risk by formulating a particular formula. After setting the model of structure coefficient and default risk, we simulated the result using data from Wells Fargo and Co. to draw the function image in order to identify additional features. Firstly, we found an optimal situation about the structure coefficient for reducing a bank's default risk, that is, that increasing the weight of inside debt in the total compensation is not only helpful for the reduction of a bank's default risk, but also the increase of a banker's total compensation. We are the first to calculate the expression of a structure coefficient which is irrelevant with other factors, except for the working time, current age, and tenure, and it is the simplest expression elucidated so far. At the same time, we are the first to find out the determinants of structure, that is, the working time, current age, and tenure. Last but not the least, we also have illustrated the influence of the number of periods. We expect our findings to offer help regarding the formulation of policies for pay contracts. This structure coefficient of a long-term total compensation model lays the foundation for further theoretical analysis, where, in prior studies, most researchers have only analyzed the compensation structure at a principle or statistic level, or from intuition, let alone via the determinants of it. Though limited theoretical analysis has been made, no specific model about the structure coefficient has been made which closes theoretical gap about the structure of pay contract in a way like us (using an expression which is irrelevant with risk). The economic explanation of this paper is that, from the perspective of corporate governance theory, executive compensation is one of the core factors to influence the risk-taking of the bank. Further, total compensation can be divided into three types, that is, inside equity, inside debt, and cash salary. We have found a way to express the proportion of inside debt in inside equity and cash salary and luckily this formula is irrelevant to ban risk. So, we can study the particular kinds of compensation related to bank risk and better design the pay contract of the banker. Besides, the practical significance is that the key of the following empirical analysis may focus on the indicators about compensation for the entire term, that is, the whole tenure of the banker, rather than an annual tenure. The shortcoming of our study is that, although the structure coefficient of compensation model has been theoretically expressed, due to the survival function, the calculating process is still complex and timeconsuming. We will focus on the principle of executive decisions, which are the underlying cause of the uncertainty of the default risk, according to the precondition that the relationship between the default risk and the equity (net asset) of the bank is theoretically and statistically positive. Table A1 . Main conclusions of this paper.
Classification
Long-Term Model
Relationship with Compensation Structure ( )
From Predecessors or Intuition
From Theoretical Analysis
From Simulation Results
Corresponding Figure
Total Note: (+) stands for a positive relationship between the two variables, (−) stands for a negative one, and (? ) stands for an unknown one.
